Introduction {#cesec1}
============

Fractures of the proximal extremity of the humerus in adults account for approximately 5% of all fractures.[@bib1] They are more frequent in elderly people, resulting from low-energy trauma, and are especially common in postmenopausal women because of osteoporosis, in proportions of 2:1.[@bib1], [@bib2] The main mechanism consists of falling from a standing position, onto the extended hand. These fractures may also occur in a younger population when associated with high-energy trauma, such as in a car accident.[@bib2]

Most of these fractures are classified as minimally displaced or in two parts, and nonoperative treatment or osteosynthesis (when there is significant deviation of the fragments) presents a very favorable prognosis.[@bib3] On the other hand, these satisfactory results are not so easily obtained in cases of injuries of greater severity, i.e. complex fractures of the proximal extremity of the humerus. This group can include fractures in three or four parts, fractures affecting the joint surface of the humeral head (of "head split" type) and fractures with dislocation.[@bib3] In these cases, osteosynthesis is not always possible, due to bone fragmentation and osteopenia, as well as the risk of avascular necrosis caused by impairment of the vascular supply to the humeral head.[@bib3], [@bib4] Depending on the severity of the lesion and the patient\'s age, arthroplastic treatment may be the best indication.

Use of hemiarthroplasty for treating complex fractures of the proximal humerus was popularized in the 1970s by Neer, who reported excellent results in around 90% of the patients.[@bib5] Since then, this technique has been widely used around the world, but most of the results published by Neer could not be reproduced in subsequent studies.[@bib6], [@bib7], [@bib8], [@bib9], [@bib10] In a general manner, the reports in the literature show that the patients are satisfied, with a pain-free shoulder, but that they do not present adequate functional recovery, especially because of their limited active elevation[@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23] ([Figure 1](#fig1){ref-type="fig"}).Fig. 1Variation in active anterior flexion according to different authors.

The aim of the present study was the evaluate the clinical and radiographic results from patients who underwent hemiarthroplasty of the shoulder for treatment of complex acute fractures of the proximal extremity of the humerus, with operations performed at the Shoulder and Elbow Surgery Center of the National Institute for Traumatology and Orthopedics (INTO).

Material and methods {#cesec2}
====================

This study consisted of a retrospective analysis that used the accumulated data in our register of shoulder arthroplasty cases. We analyzed all the patients who consecutively underwent hemiarthroplasty at the Shoulder and Elbow Surgery Center of the National Institute for Traumatology and Orthopedics (INTO) for treatment of acute fractures of the proximal extremity of the humerus, between July 2004 and March 2009. All the fractures were evaluated in accordance with the classification of Neer4 and only complex fractures were found, i.e. fractures in three or four parts, dislocated fractures or fractures that affected the joint surface (head split type). The exclusion criteria were that the fractures should not have evolved for more than six weeks and the patients should not present previous disease in the shoulder operated or outpatient follow-up of less than 12 months. Cases were also excluded if the data available regarding the clinical or radiographic evaluations of the postoperative follow-up were insufficient.

Out of the 97 patients, 67 fulfilled the inclusion criteria. The mean length of follow-up was 38 months, with a range from 12 to 62 months. The mean age was 65 years (range: 44 to 88), and 47 patients were female (70%). The right side was affected in 39 patients (58%) and the left side in 28 (42%). In accordance with Neer, 46 fractures were classified as being in four parts, 18 as being in three parts, 19 as associated with anterior dislocation and three as associated with posterior dislocation. The commonest trauma mechanism consisted of falling from a standing position, which affected 59 patients (88%). The remainder of the fractures were related to higher-energy trauma, such as car accidents and convulsive crises. The mean interval between the trauma and the surgical treatment was 18 days, with a range from three to 40 days.

All the patients were operated in the deckchair position, through a deltopectoral access, without deinsertion of the deltoid. Tenodesis of the tendon of the long head of the biceps was performed routinely at the humeral insertion of the pectoralis major muscle. The Global FX prosthesis (DePuy, Warsaw, Indiana, USA) was used in all the cases, with use of bone cement on the diaphysis and placement of a cemented plastic restrictor in the humeral canal. To position the humeral component, we used an instrument called a positioning jig, which maintained provisional fixation of the test prosthesis on the diaphysis and thus enabled greater precision and security with regard to assessing the height and retroversion established by the surgeon ([Fig. 2](#fig2){ref-type="fig"}). This guide also allowed reproduction of these parameters during cementation of the definitive prosthesis.Fig. 2Positioning of the test prosthesis using the positioning jig.

After cementation, the tubercles were fixed using No. 5 non-absorbable polyester thread, by means of orifices in the diaphysis, with fixation to the fins of the prosthesis, fixation between the tubercles and circumferential fixation around the neck of the prosthesis and circumferential fixation around the neck of the prosthesis ("around the world"). In this manner, approximately six threads were used for fixation in the horizontal and vertical planes ([Fig. 3](#fig3){ref-type="fig"}). In all cases, an autologous bone graft from the humeral head was used, between the tubercles and the diaphysis. Perioperative control radiographs were performed routinely, with the aim of confirming the positioning of the prosthesis and the tubercles. For this reason, monitoring the protocol that was used for the rehabilitation was more difficult. The patients underwent postoperative clinical-functional and radiographic evaluations at the Shoulder and Elbow Center of INTO. The active and passive ranges of motion were measured using a goniometer, in accordance with the criteria of the *American Academy of Orthopaedic Surgeons* (AAOS).[@bib24] The functional assessment was performed by means of the UCLA score.[@bib25] Patients with scores greater than 33 points were considered to present excellent results; scores between 28 and 33 were good; scores between 21 and 27 were fair; and scores of 20 or below were poor.Fig. 3Sequence showing the binding of the tubercles, associated with bone grafting.

The radiographic evaluation was performed by means of the true AP view, scapular lateral view and axillary lateral view. The positioning and consolidation of the tubercles were observed, along with the positioning of the prosthesis and the quality of cementation. To evaluate the position of the greater tubercle on the AP radiograph, we used the method described by Boileau et al.[@bib7] A line was traced out perpendicularly to the longitudinal axis of the humeral shaft, tangential to the apex of the cephalic component of the prosthesis, and another line tangential to the uppermost region of the greater tubercle. The distance between these two parallel lines was then measured ([Fig. 4](#fig4){ref-type="fig"}). Taking into consideration the parameters determined in previous anatomical studies,[@bib26] we defined that the greater tubercle was correctly positioned when its apex was located between 5 and 10 mm below the apex of the prosthesis. In accordance with this radiographic evaluation, the patients were divided into two groups. Group A included the patients who presented anatomical consolidation of the tubercles and group B included the patients who could not be included in group A, i.e. those with pseudarthrosis or skewed consolidation, or cases in which reabsorption of the tubercles occurred.Fig. 4Technique for measuring the height of the greater tubercle.

After the operation, the patients were kept using slings for six weeks. After the first week, pendular exercises and passive anterior flexion exercises were started. Active exercises were started after the sixth week, while strengthening exercises were started after 12 weeks. It has to be noted that, unfortunately, because many patients lived far from our hospital and had transportation difficulties, they were unable to do the physiotherapy treatment at our hospital.

The data on the patients who fulfilled the inclusion criteria were entered into an electronic spreadsheet (Microsoft Office Excel 2007) and were subjected to statistical analysis by means of the Stata v10.0 software. After our samples had been shown to present normal characteristics (skewness and kurtosis tests), these data were analyzed by means of Student\'s t test (comparison between means) and Pearson\'s test (correlation), and findings with p \< 0.05 were considered to be significant.

Results {#cesec3}
=======

In evaluating the active range of motion, we found the following means: anterior flexion of 104° (range: 20° to 160°); external rotation of 36° (range: -5° to 60°); and internal rotation to L1 (range: gluteus to T7). In evaluating the UCLA score, we found a mean of 26 points, with six excellent results, 24 good, 26 fair and 11 poor ([Fig. 5](#fig5){ref-type="fig"}). In analyzing the score parameters separately, we found a mean of 8.25 for pain; 6 for function; 3 for elevation and 3.75 for elevation strength. We found a high rate of subjective satisfaction, such that 64 patients (96%) were satisfied with the procedure.Fig. 5Results according to UCLA score.

From the radiographic evaluation, we identified 33 patients who presented tubercles consolidated in the anatomical position, and these were included in group A. Thus, the other 34 patients were included in group B. In group A, we found a mean UCLA score of 29.5 and active anterior flexion of 122°. In group B, we found a mean UCLA score of 22.7 points and mean active anterior flexion of 87° ([Table 1](#tbl1){ref-type="table"}). Using Student\'s t test, we comparatively analyzed the mean active elevation and UCLA scores between groups A and B ([Fig. 6](#fig6){ref-type="fig"}, [Fig. 7](#fig7){ref-type="fig"}). We found statistically significant differences both for anterior flexion (p \< 0.0001) and for UCLA score (p \< 0.0001).Table 1UCLA and active anterior flexion results, stratified into groups A and B.\#UCLAActive anterior flexion**Total6726,0104°A3329,5122°B3422,787°**Fig. 6Comparison of UCLA score between groups A and B.Fig. 7Comparison of active anterior flexion between groups A and B.

The male individuals had functional results that were better than those of the females. This result was statistically significant according to Student\'s t test. The mean active elevation was 119° for the men and 98° for the women (p = 0.0268). The UCLA score was 29.7 for the men and 24.5 for the women (p = 0.0005). Through Pearson\'s test, we did not find any statistically significant correlation between the patients' ages and functional results.

The complications encountered included two cases of periprosthetic fracture, which were treated by means of osteosynthesis, using a plate and screws. One of these was a case of perioperative fracture and the other was a diaphyseal fracture that occurred 11 months after hemiarthroplasty. Two patients presented neuropraxia as a surgical complication: one in the median nerve and the other in the axillary nerve. Both of these presented complete resolution. There was only one case of infection, which was treated by means of surgical debridement and venous antibiotic therapy, with complete resolution.

Discussion {#cesec4}
==========

Since the 1970s, when hemiarthroplasty was popularized by Neer, it has been widely used around the world for treatment of complex fractures of the proximal extremity of the humerus,[@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23] particularly among elderly patients. However, differing from the excellent results reported by Neer, most of the studies in the literature have reported disappointing results. The results generally show high incidence of subjective satisfaction and absence of complaints of pain, but with disappointing functional results, particularly because of limitations of active elevation.[@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23] In a systematic review published in 2008, Kontakis et al.[@bib9] included 16 studies with 810 patients who underwent hemiarthroplasty for treatment of acute fractures of the proximal extremity of the humerus. The means for anterior flexion and the Constant functional score were 105° and 56 points, respectively, from which it can be concluded that most of the patients presented functional limitation in the final evaluation.

In our study, we found results that were similar to those described in the literature, and we also identified high incidence of satisfaction among the patients, particularly in relation to pain, even when they did not present satisfactory active mobility. In our series, it was possible to demonstrate that consolidation of the tubercles in the anatomical position had a large influence on the functional result. Several studies in the literature have emphasized the importance of reestablishing the anatomy of the tubercles, in order to obtain satisfactory functional results.[@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21] Bono et al.[@bib27] demonstrated that changes to the height of the greater tubercle that were more than 5 mm modified the lever arm of the shoulder operated, thereby diminishing the deltoid abduction strength. In 2008, Antuña et al.[@bib8] stated that the commonest complication following hemiarthroplasty is displacement of the greater tubercle, and correlated this with worse functional scores. Compito et al.[@bib12] also identified displacement of the greater tubercle as the main factor responsible for poor results in this type of procedure. These authors found that 43% of the results were excellent, such that all the tuberosities became consolidated with displacements of less than 5 mm. Mighell et al.[@bib16] reported that their worst results were related to excessive lowering of the greater tubercle.

Because of the importance of anatomical consolidation of the tubercles, we believe that the surgical technique should include special attention to measures that might influence this objective. Since these cases present fragile and osteopenic bone tissue, handling the tubercles should be done carefully, thus avoiding rough or excessive manipulation that might increase their fragmentation. Binding the tubercles is extremely important and should be done meticulously, using strong thread that can function in both the horizontal and the vertical plane. Extra attention is needed so that the greater tubercle is not lowered too much during the binding process. This is a frequent mistake, with undesirable consequences. Boileau et al.[@bib7] reported that the worst results from this surgery were related to the presence of an unfortunate trio of factors: high prosthesis, excessive retroversion and lowered greater tubercle.

Although tubercle fixation is traditionally done by means of binding with non-absorbable threads, other methods have been proposed. Krause et al.[@bib19] compared traditional binding of the tubercles with fixation by means of steel wires, thereby obtaining superior results in this group. Another measure than may be very useful is to perform perioperative control radiographs, which enable timely correction of possible imperfections regarding the tubercle height, given that the presence of the rotator cuff makes it difficult to directly view the relationship between the tubercle and the prosthesis. Lastly, the importance of bone grafts for facilitating consolidation between the diaphysis and the tubercles should be borne in mind.

Another of the great challenges in conducting this surgery is to correctly establish the height of the prosthesis, which is one of the crucial points regarding reestablishment of the anatomical functioning of the shoulder. Loss of the anatomical reference points of the upper region of the humerus makes it much more difficult to identify the precise position of the implant. Furthermore, there is difficulty in maintaining the positioning of the prosthesis during its testing, and even more so in reproducing this position at the time of cementation. In the system that we use, there is a very useful guide that enables provisional fixation of the prosthesis so that its height and version can be tested, and enables reproduction of this position at the time of placing the definitive implant. Other ways of correctly establishing the height of the prosthesis have been described, such as measurement of the distance between the cephalic component and the upper edge of the pectoralis major.[@bib28] The most serious mistake is excessive stretching of the humerus, since this causes upward migration of the prosthesis and elevated pressure on the rotator cuff, and creates difficulty regarding consolidation. Shortening of the humerus tends to be better tolerated, even though this may alter the tension and power of the deltoid if it is greater than 20 mm.[@bib29]

In addition to the heights of the humeral shaft and tubercles, precise determination of the retroversion of the prosthesis is extremely important for correct functioning of the system. Retroversion is important not only for prosthesis stability but also in influencing the position of the tubercles and, fundamentally, for their consolidation. Boileau et al.[@bib7] found an association between retroversion greater than 40° and posterior migration of the greater tubercle, with consequent compromising of the functional result. Excessive retroversion leads to elevated tension upon fixation of the greater tubercle, which is subject to traction caused by the tendons of the infraspinatus and teres minor, especially when the arm is placed in internal rotation. For this reason, Boileau et al.[@bib7] avoided placing a sling in internal rotation during the period of tubercle consolidation and preferred immobilization in neutral rotation.

Another factor of great importance is the postoperative management. In a general manner, there is a current tendency to implement rehabilitation more slowly and to keep the patient using a sling for a longer time,[@bib7], [@bib30] so that consolidation of the greater tubercle is achieved, which is defined as fundamental for the quality of the functional result. In addition, the patient\'s motivation during the postoperative period, along with a good team of physiotherapists, plays an important role in the final result.

As also described by Boileau et al.,[@bib7] we found that the functional result among female patients was inferior to the result among males, probably due to osteopenia and the fragility of the tubercles. Moreover, may studies have suggested that there is a progressive worsening of the results with advancing age.[@bib7], [@bib10], [@bib18], [@bib22] However, in our case series, we were unable to demonstrate any statistically significant correlation between age and the functional results.

Because of the many technical details described previously, it can be expected that the team\'s experience and training will have a large influence on the results from a surgical procedure of such complexity. This can be proven from a multicenter study that was conducted by Kralinger et al.[@bib10] Even when the surgical technique is implemented adequately, the result is not as predictable as the functional result.[@bib7] Thus, we believe that this surgical procedure should continue to be refined through technical innovations and technologies, so that satisfactory functional results can be achieved more frequently ([Fig. 8](#fig8){ref-type="fig"}).Fig. 8Example of patient with good radiological and clinical results.

Conclusion {#cesec5}
==========

Hemiarthroplasty for treatment of complex fractures of the proximal extremity of the humerus among elderly people presented a low complication rate and high subjective satisfaction rate, with absence of pain. Satisfactory functional results are not readily predictable and fundamentally depend on precise reestablishment of the anatomy of the proximal extremity of the humerus, especially anatomical consolidation of the greater tubercle.
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